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[ftl ] 



H.C 




'Y 



-(CH 2 ) s C0NH7ir:i^>-CH2DTPA.. 
Ut3] 



O 
II 



V 

Ah 



SH 



SH 



BSr«"-f4&fflaSRr/l'^T*0; R 2 li-Cft, 9 , Mi 
-CH,CH 3 T**> 0 . R 3 fcR 4 W^^Wtt-^*ff:!fltT-&3&»X 
ii:H,i:R,^(c-()T^0. R 4 li-CH 2 CH 3 TJft 0 , K^±< 
H,T'*>0; R«ii-NR n -Xiift*tt'&f#> 1 !): M*-NR U - 
t*6*S3\ R 7 ii=crr'ab0. R-ti£lrfe^<>*9 ; R 
3 [i-(CII 2 )C0 2 CH 3 . -(CH 2 ) 2 C0NH7i-U->tH 2 DTPA. 



-CH 2 CM x 5h 



o 
II 

— CH,CN 



i. 



SH 



5H 

NH SH 



( CH 2 ) 2 OONH 7 jl - V V CH 2 DTPA. 



o 
ii 

-CH-CN 



i 

V NH 



SH 



Xlt 



SH 



™ SH 



H : ).C0NH-7x — U >CH DTP A, 
o 



— CH-CN 



SH 



o 

/ 



SH 



0^ NH SH 



[1***12 3 R : R 5 X;<iR : 
HL7*] 



O^* SH 



J, 



NH 



SH 



[|f^3] R,. R 8 .^iR :i *-(Clt) 2 C0NH^i^l,> 
[iff** 4] R 8 rt»' 



o 

ii 

-CH-CN 



1 



SH 



Xli 



-CH 2 04 ^ 



I 



O N " SH 



I lft:RJS ? 3 R? (("H 2 ) 2 U1NH 7 x-L-; CH> DTPATifc 

fee 

[ WfcRJB 8 ] R 6 **-NK ; 0 -"C"t. 0 . R : o # > /L-T 

(i I])**. 

[If^JS 1 2 3 i$^l-&«!i**hpphco 9S ■ Tc ar 5 /X 
!^>-+*-;MMM(rr^&rfct»«fc«, 11**9 

[ mm 1 3 3 K-fk*ft*<HPPH^' "InT=/?x^ 
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[10*114 3 l^t-&«l* s HPPH-Gd(III)^$ /_7 x^ 
[M**B 1 5 ] IWY^W^^ 'J > 1 8 f £ K-Cd 

iiinr = .'7x — a dtpa^*, s *r h 5- t i - & . f ft 

[ MM:*B l o 3 RfL^flJ**-' * * ^ '.J rt * n »J ; ^1*1 < 1 
li)T5 /^x^/UiTPA«»*~*.&w h^^h-t 

A or.. 

*4r« L T *iJC-^ £ # )l * > §£ * ft & -X S : IS * 'I :> 
&h4-7* 5 / T7 x x;lDTPA'0 ^-tert-^'-f-nxX^r/l 

t Zfcfczvx^^te.rt-y ^ji r i j y x - a ptpah 
H*£»£XS;»nTPA»itor r- *a*l»i:* 

& Ifx;#K 'J^-^AS Si* fc RJE *i*:£I 
B:**tr WE**, 

* -~ - 

x.?^/ig£**titH-&#/i*>i^ 

: -ft *: ?# £ XS : &l<'<% ^ ft*: * ;i # > jSi ttft # H 
'. i " ^ 2. Klh * *T mm sMtGlto & f4 © XH : 5r * 

C\ :tfS=. 

[ §i;frJi l v 3 IS^rg 1 6 lEitcoMRI *rt£T* -> T , 

, J^ J »n , J li--Sr»oXe:itvic-£. - t Kn^> '^t'J 

PA^'O :^-tert-r^-;lX.7.^;i t r^iL ; ^l±^Xff 

c..^n-r!-:> »DTPAa»ftSrf#^Xg; at fc '*^/l ^ 

m^^^^X^;^D. Wrid^SS- 
[ 2 0 3 1 2 IE«c^^^^^^^^t 

HPPH tTs.'h'XXj'i f"t— /L '-h ^RJEG^-frT^^fil 
HHPPHfi|**8:»6lS;BW*fl5»: b 'Jxf/t^; 



TWa^ftftftS:»SX«: S:*t. MlE^S 
HPPH-T5 y 7xX;l,DTPA>:tafL : 1 linl 1 1 1 h$r^S5^ 

*-:w.9^iLi^ft*f»': x^: ri^e msi! 

[0001 3 
[ (J 0 0 2 3 

»»»^«*^^ W»* ; 1WlBf.>f2IB 

ii. ikIHtxJST- KiiJNOT^^^S-f^^'J 
^±tmmi%& c MRI > pc — :^.»SS^:fft«*:6l 

TB^/R«1xJ^^»^ft^ai*^ 

mVilk&Pl {&\X.li\ Z.U. Grossn.m S.K. Kosebrou^; 
h t Clinical Radioimnunoinaging. Grune &; Stratton 1 

nc., 1988. z^m^>Mmi±^w^mm^ttiht 

W£~tl ) atfjttWtESAfc Lr 99 -TcX^ in In^fU 
— h-ft^tt H-D. Burns, R.H. Gibson, R.F. 

Uannals &; P.K.5. Siegel (Eds. ) ; Nuclear imaging in 
Drug Discovery, Development and Approval, Birkhaus 



Copied from 10607222 



on 06/22/2005 



'(4) 001-335578 > P 2 0 0 1 - 3 3 fi&S 



er. W3, G.P. Sana, Fundamental sof Nuclear Pharma 
cy. Springer-Verlag, 1092, Zil*>?tttikJ)iE3ISLltt<> 

[00 04] 1988^('|G«t(DTPAl (H : 0^) 2 -^lS^il^ 

(I i > * l — f ^ <fc-&*f*«*IS 5 , Gd (I L l ) > 
TSiEWSrttWT* ft -T ^)Hrti > '.,T(i , MR I SHi 

T, < £ft(;:o*rC** < £ 0 . 1/T.#:*;£ < =fcft 
(C-afvT'hS <£fttffi##>ft, l/T,0«ftt&*IH^« 

'>vix> — xii. i/T,/ajBiiw^x. ®iTi/am^ 

^ft^rr^ft. i/T, hi/T;S-a*arplL«^tK«»& 

(LWl/T, J: ^It^Tj fflffliBiRSrffli * 

til * , J^/L^)feKtco*^n^i*tl/T 1 5l(/1/T,^ 

flDS:*l»i-i . T, ftffBMtOr, /r 2 JtliilS? 1 - 2 

0 . K-ftftlS^Jt: f. 5rT L .ftffl»»^J-?<7»fl[«10tJLLa 

ft, MRI^jttJRKfi. i, fKHMT. o2 *3 - # K 
'.1-^^(1 1 0 * L v \ a v ifti* x 

* -v ✓ tc (&MKftJili&' <M *filiif£^l?-t *> 9 , ## * 

■t ^intfs^^jftfp *iiz><? >~ - — « w iiT , mn~ 
/ x/i * m itmza t ^ bf^» l t-i . f a - s. r- 

^ y t ? N ftW.XIi«^WEE^)«*S: a £ 4#ft 
?£5:T'£ftfi(t^£<-s-ft. 

[00 0 5] # K y x»7 A ( 1 1 1 ) * h IL-ftWOffiZ) 

M£*o«fe»v*#H«;L *^S*tt-C*ft. 

(i DTPAttJ^frHROUtfyFli, $^*^M 

Bdteftt*AM*-t*«r*j*«*&o Eft. MRi-r-^ttWi- 

#183*1 fc^<T <?iGd ( 1 1 1 ) 5Rif I ■ - b {t-^ftlii . 9 S 



B> WlWttKllJt: ••■r«lAW£ijfe^«Lft ( 

V: 'J : ' ij - * L - h 'J .^^ h at^'ftJWtt 

^M/^o ^ t^W V^j'ii = veh i 1 lO t L "T 

5:*^. ft. ^(3. 5>fc Tcia. 16 Mc>- 93 "Tt:>- x 

*68E*W. «*'^iit7v. Rtmmtiz ■■f^ftt . ft 
V»tn«iffivT>lWtitttWi. :1! In"v:*,ft, V7h^ 
TPA-:** Sktf b (OCTREUBCANJ ^Sfljli. MH : &W 

[0007] & ft ft? i;t?/i, -> ^ 'J >^--r h y t°n-/im 

MWMJhLV IzJEJfflBM X r ) I- "it*- ft f-Pin] 
* ; *.ftcT»T .itlj^iAfS (Pl)T> (CJ:ft««5:^ f ^ 

ft [ T..I . Dmigtiort y, (".•!. lioner, H. U Henderson, d 
Jori, [>. Kessel , M Kprbelik, J. Moan. Q. Peng, J. 
Natl. Cancer Inst.. l c .»98. 90, 889. ^>;£t^ld& 

FHirruFRiN (*»ffitR; ( »«wT>^ae(=iH:*W(w*a$ii 

iE^fflm** ^>w- np»*sitft^c i*.#<iia«tt3&^ 

SWJ.!: LT^ftffl^WffllSit^ (Wili". R.K. Pand^. 

D. Herman, Chenistry K; Industry, 1998, 739, ZV.) 

^ <?)ytM&ffl<m>~' e o t» x --t : 7 * ;u b' H -a^x^f- ^ n 

X— rrttt«*9 (HPPH) R.K. Pandey.A.B. 

Sunlin, S. tonsUntine, M. Aoudia, W. R. Potter, 
D.A. Bellnier, B.W. Henderson, M.A. Kodgers, K.M. 
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Smith &; T.J. Dougherty, Photochem. Photobiol.. 199 
(>. 64, 194; B.U. Henderson. [». A. Pellnier, U.R. Gr 
acn, A Sharna, R.K. Pande>, L.A Vaughan. U.K. We 
isliatipt. ft: T. ,T. Dougherty. CancerRes. , 1997. 57. 4 
CO. : R. K. Pandey, T..1. Dougherty. 5fcHPftI«B5.19 
s,400-^-, 1993; 314. 905^, 1994; RI»5.459, 15 

1995, -tL^^^«^lX^»^|t!K(i*ISW 

/U f 5 Ktf)'v*;wL-X" TVUlWWfclO (f^J^ii'. R.K. 
Pandey. W.R. Potter &:T. J. Dougherty. ^H^I+SSS. 9 
52.366^, 1999. * ^BfllH»^«ldKti:3(s:H^jffllS{C#J 
a^itvTi.-:^* ) (5. PHOT(lFRIN(Saffi«) hJt^TB 

r ^ x ;w * asm ?zm , - a - 3 - ? *h / w 7 T D _ 

■^-ft^^i&W^^oMl ^t: ^-<r^»/Cc7,^3R(cr/IIffl 
[ U 0 0 8] 

:<li y n '.; y WJtCKftffc^Wtca & L fc S . 
*^a^ tetE - > an S ft & #>is iz . tt«i±7t« *• * t; f t 

li. ^JrJi. ^S#l^5.756,541^-; HIB5. 028.621 
*f: 154, 866.168*5-: 154.649,151^: 315, 45ft. 071^; 
*ft5. 198,460^-; 1^5,002.962^; S65.093.349#: 155.1 
71,741#; ^5,173,504-^-; H4.96S. 715^:^5.314. 905 

215,459,159^-; »5.770,730-f ; 355,864.035-?-; 
IS5.190.966f-; at<l(l5.952.%.-9«ettSil, rftA, 
;t ^»ir^KIU±^IR9HI!l«F<C £ * ft £ t> ^) h 

o 

ii — v 

— CH*CN c u 



X 



SH 



'^ML* MR i;A - > > r "it-ft t IB«3fl«:-: J: -> ~C £ I 

[00 0 9 ] 

[0010] 
CfLO 1 




[0011] (5t+ s Ri« 

[0012] 

[^Ll 0] 



H 3 C 



Y 



[00 13] -(CH,) 2 C0NH^x^U^ CH 2 DTPA, 

[0014] 

[fLl 13 



o 

I! 



SH 



[on i 5] T'*>o, R^ii-flR,.,^*)*).. R : ,<i 

^J; R 6 3&«-NR 1: -T*&*^. R 7 ii=0T'A^, R,J±** 
I5^-X't^) r ); R y ^-<CH 2 )Crj 2 CH 3 , -(CH^iCllNH^x^. 
I ; CH.DTPA 



[0016] 

[<L1 23 
o 

1 1 — 

-CH 7 CN 



2^!" SH 
NH SH 



/ 



0 

II 



CH 2 CN ^ SH 
0^ NH , SH 
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[0 0 1 7] T'^OiR^JJ^^l'^Blr^^ftlR 

rn^;L .. -(CH 2 )X0NH^j:-1> : CH-PTPA, 
[0018] 

[ ft 1 3 ] 

o 

-ch,cn' 



/ 



SH 



I 

o'V SH 



o 

— ch^cn' 

L 



[ 1 1 0 1 9 ] & ; ffi L . R, s RgXtiR, ; '» *>:T> 1 
o/i<t//-(CH : ) : CI)NH^ x~ U >CH 2 DTPA. 
[ 0 0 2 0 ] 
[ft 14] 



-Ch 2 CN SH -CH = CN 



NH 



SH 



SH 



[ c o j 1 3 X'Jh & . ) 

[00 J 2] 

Bffc , HUH J: h ttCKBfflfl > L T ffl?Stt*^ ft I £ 
?n»J ; Xkt'^^r'J^u'J ; ^Gd(m:r s,': 7 * 

L r ISatt^SEft L -) S o 'J ; -XJi; ^f'Jt^n'j 

> 'fti i: ln7i/7ir.;l DTPA'ai"-T.; N : S 2 «3-f*tf' 
(PUT) W^»WSn^JW»*S^«tt.ir^7 * 

-i- >*izm^&*m*mmzm&'?& z 'z (\ \ > 
tm^mimmt lt^'Tcxi^ 1 1 in«£gtno>t»wttis 
sea £ him- & w > -?* o ^ 0 ^muz . wmmm 

h £ mr* 9 n y ^ XIZ' * 9 "r y * u »J >*fc t x = ' 
x* /t- (N.S 2 ) IS*ttXli«i»Lr^ : J r^ 9 J- 

'jxf;ir>y-;;^^/^;>K (utpa) 

[ 0 0 j 3 ] 

HPPH-Gd (III)T^ ,'T 7 x -;bDTPA 14^>*JBft:«ieft 



t K-a 6.1 i 7 t'/L ^-.Spirulina Alg.ie>7>/ : 

s-(^^r> 'L^*-> ixf/i.^v^L /": <f-H 
i-f-'PtlifefU'LiLia x f ./-fi 'THF^^K^TjUU^ir 

f 5 K/£ l.K.K. h.in.h>> , F.\ Shiau. A.K Su 
nil in. l.J Duu^ht>rt>- ^: K.M Smith Hiuorg Med. Ch 
cm. Lett.. Vn\. 4. l2to. ^-'):tiK^'5d»li*IB"W 
«t:ftiiL<)L^.-:^^ » izX&mis.-tj&lzfcr-zm 
Kl/":4-7; /-7 /nrrPA's^ ^-rert-^>'ix ^-7- 

^i.5to//^;r;;'ti:^Lf: . t.ddii) 

ftmts.mW'i L*T . «S^«c5-fJ>'>{c«KL, iaft 

L . «i^tVr^r^ , * [ >^)i;^'T ^Lrj *k***j«V) 

[ 0 0 24] -rt[ -7"'.J ✓ -IS- < c IMmKIIDT = x 
-'MJTPA H«7>^(jt:.<+n-7 - -f 7 i ;U t'l-.i 7a«:N- 

7^-/1x7^/1 zr^Zlot^t ^B!I6 , &**45* , d^JR* 
: L hK*B? +2"*TGd<lI I >fflf*lij$- >'K» f i.^iR^TiS/-: . 



■^f^l r ). -Ml-*''/: 18-^-7- t-'i-^i 1*-^^ K7»j.- 
ct; 2^oto- a i|L{2 ^^il7C $ n T v ^ } ^ t 
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-3-x^-;L-tt«(*17 i.* v-Ws4f > n -r/l-r'/>-18- f 

5 Fhtfiffifoii-ri'&s act*, 

^I,r^D^-. V/t' 1 .);"; /H_.S>JKIGS-If- r A.\. ko:\v 
rev, T..J DoiKhertyfc : R.K. P.imiey . Tetrahedron L»*t 

t . 19%. 37. 3781. *^'-tlK^iffitti**«BB*B*::* 
-t >; ; -18*: Xfl rtv-^il-ifrtS L T75'\, 

Ti^RIKTffiJI L ( R.K. P*ndey.T. Tsuchida. S Cons 
tan tine. G Zhens. C. Medforth. A Kozyre\ . A M:>ha 
■Mktd. M. A.J. Rodders. K.M. Smith K; T J . [Jouxherty, 
•I. Med. Chem . 1997. 40. 2770. l^^^Etttf* 

f 'J * * o >' £70?<^K*T#« L ^ « r^i. o ^ ' v * 

-t * o 'J : 1 WftOi?)ffij&*'N a MR h BittWife^frW 

fO^O-X x 7 % r / t I ^/ /L- .t: > |?21 ( : I K 
ft. ±IEv T )nOjtHPPHJW**!:rilT»" , .i>--f * MM**.*) 

[0026] HPHH*t'.^7'5 yx.^; -f-rf— ;llS*ffcJ7 

L fzH&izft -> X MM L (G. Li, g. Ma, b. Ma. Z. 
if. Grossman 8: R.K. Pandey, Heterocyclics. 1999. Ep 
M4 3 : C. Li. B. Ma, J.K. Missert. Z.[>. Grossuan &: 
fl.K Pandey. Hcterocycl ics, E-Jlffl^. ZtlWfMS* 

ICS-*, ^i-fMHPffltt^25«r40!.'ot T J«*-: L 
/"j , m^Z . ^rf-A f: h ')x-f^^7 >'AFAT1R«JI 
I ■CWJCt^t'xr .c 7x.^>^i-— ;l-26Sr>t*WiR3p 

»rrffiO#«t- «S2 L , Kung h ftHW!Jt#^*a^« 
TSn(ll) NTil7cL^ 99Bl Tr / ;;l t <? 

-ff— h^c^)J.^> r^fftfiEJEfciJ; 0Tc-99n»flC7£!H 
»Lfc (S.K. Meegalla, K. Plossl, M-P. Kung, S. Ch 
unprad it, 0 . A. Stevenson . 5. A. Kushner , U . T . Mc.Elg 
in, P.I). MozJev &; H.F. Kun^. J. Med. Chpm. , 1^7, 

4o. o, zttwivimittM*mm(rz&£tiz{jji>i' 



[0027 ] HPPH^V - M n? 5 / ~> x x H nTPAtt"&*fc2fi 

'^T«£ (S. Uans J. Jud, U.A. Untnr. U.A. Waters, 
i ..I. Hithias. k.A Grei/n, P I . Kik hs S: P.S. Low. i 
:o< orijug:ite (lien . 19'^7, 8. N7.*>. - v 7 > "^^fci^^diJcii 

'^xX'lDTPA HtiSfL 1:i lii(liP:b*r/€it:^^-. : 
ln«Mffcft1S$-S2 u ..*7)JB*'ri*^ . 

[0028] #[*JM*SMR f - *' 

HPPH-Gd ( 1 1 1)7; / -7 x x/l/DTPAtS^TifeMiGDfliaHPPH 

-HH>H*WffilU|IW2:i6lt-*J i7"tt u (Hafliavist.) 
.'■CiiGd-DTPA ) O^^ff^^^^u^^rSS^^^:, 
v v^f^ hiil6- :0^Otim^)^^T^:f^o^ 

«t:^fiK?ii^js«'*i(ii-HPriiii ■ mtts>simm&mt> 
t*-?h~>*:. m^-z. w-HppH^ii*iis-&iStt^*^*» 

24WB3f*t3iB«ftL sr- (13 1 W*W2iim*titz 
K\) . Ud-HPPHi£\ft^>Ktf3^-^>4HiE^^s Gd-HFPH I 

•i^MRffljgg'^j bit sj-fi&tt^*,*. - t ^f.^U:: t 
o . r tuz J- '• w :GdjF3ffc/;>ii4p Mimz , Gd^i. 

- h-ft^irHPPHJrfMirro 'r . -*JHffif*^BStBg*:^ 

. mmiz &0L2iLT2t&-#m±\H i ±-i'y? iz^am 

* , *ftB«-:- l 3 r j5t7jtti'ij|ie L 7 n 'J > .5t^' 
i: ^toODclltttttfi • J*#iiN : s : 'i .<r> H til o« 

[Lii i ] im<nmm*m^fzmmtmwt h? x 
[02 : *&^.&d-mm&m&m\>*tMmi&bffl* 
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[04 ] 4-r 5 /UDTPA's: -:?-tert-T-f-AX* 

[0? ) .<^-7it7tn t'W^ii^>3- 
£\K i- th^t * * - a t *> to . 

* i- A t K-a h 1-"^ — A DTPA^: - ?-h.rt-7 

L . ttuT.Ettfttf* 'i-^Adll) fcJRl6S*"CHPPH- 

[[37 ] vvi T'J > -18- f ^ KGddlDT = /7i-/lD 
TP A (16) tfifl»*jfc«r^X^-^T'*£., 
[08 ] "OiTM > 7**oGd(III)T5 /7x— ADTPA 

] ^.*7-'J t^o'J V*Cd(III)T* /?x";l'D 

[y 1 J] HPPH^tXT^yx^; f--t-A^f4c27cO 
[013] HPPH^ \x\-r ;./7i - A-DTPA»-£f*28C0BII! 
[014] *»BB^iDTP.AX(iN 2 S2 i- t |<orh7lTD- 



TPA^-InlSfkat^S — ADTPA GddlDIS*, W 

;L<£* *-r t - n - * - r a r?^ i oe-f-A ) -17- [V - 
W-TS K y > 'l #K ;^^^aiI)DTPA)jX f A t 

[01 *%H/l^l>TPA^{£N ^.c' t KDTh7tD- 

TFA 1 1 IniiHfc. /AL ( r$ ./^x— AIjTPA :: Ini£tt. ftt K ' 
T.= ^x-ADTPA GddlDMft. ffl*.tf T/ir'n 
-1 8- ( 3- r t-H -5- ( 1 ' ' -t fi v ^ ■ > X f - /t ) -1 7- [ 3' - 
(4"-T$ K^;> : A *fh \) —^MllUDWM-S-miA 

[01 \> ] ^B^)L)TPA'l{iN r S : - "t l-o-r h7tn- 

TPAiMnm. at c T= y^ x — ADTPA : -In«*, W 

r* y-7x— adtpa CddiDlS*. W;L<±\ r;ir»j> 
-18-(3r^t'rL;i--3-(r-r/pij^i ji^)-i7-[3'- 
(4"-T 5 K^; > r A.tf K 'J x^.M]II)DTPA)]x-f-/Pt: 
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CHLQRIN AND B AC TERTOCHLORLN -BASED AMINO PHENYL DTP A AND 
NjSi CONJUGATES FOR MR CONTRAST MEDIA AND 
RADIOPHARMACEUTICALS 



BACKGROUND OF THE INVENTION 
This application claims priority from Provisional Patent Application No. 60/1 7 1 ,96 1 
filed December 23, 1999. 

Cancer is the second most common cause of death in the United Slates, accounting for 
20% of all deaths. Until now, medicine Has tried to overwhelm the cancer cell with brute 
force, slicing it out with surgery, zapping it with radiation, or poisoning it with 
chemotherapy. A]l too often, however, a few cells survive the onslaught and fccrminate, 
sometimes years later, into tumors that are impervious to treatment. If tumors can be 
diagnosed at early stages, it will certainly increase the survival rate of the cancer patients. 
Therefore, efforts are currently underway in our and various other laboratories to develop 
efficient tumor diagnostic imaging agents. 

For many years, in vivo imaging of human anatomy was dependent upon the 
intravenous adnuni strati on of radioactive atoms (nuclear medicine) or non-radioactive 
iodinated contrast media (various x-ray tests and computed tomography). However, over the 
last decade magn&tic resonance imaging (MRI) has assumed a critical role in imaging, and, 
unlike x-rays or computed tomography, MR uses contrast media that contain paramagnetic 
ions, particularly Gadolinium [Gdflll)]. Paramagnetic ions are not themselves "seen" by the 
MR scanner. Rather, they affect the water in body tissue so as to increase the "signal" 
emitted by tissue when it is placed in a magnetic field. 
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By and large, MR contrast media have been neither disease-specific nor organ - 
specific. Injected intravenously* most are rapidly excreted by the kidneys by glomerular 
filtration. Although several liver-specific contrast media have been created, otheT organs 
have not been successfully targeted, and no rumor-avid MR contrast agents are available to 
date. 

Because of the importance of detection of unknown primary tumor and metastatic 
disease in diagnostic oncology imaging, a tumor-avid MR contrast medium would have high 
implications for prognosis, therapy selection, and patient outcomes. The entire issue of cure 
versus palliation would be impacted. 

In recent years several reports focused on certain Gd-based macrocycles as potential 
magnetic resonance imaging (e.g. Z.D. Grossman and S.F. Rosebrough, Clinical 
Radioimmunoimagiiig, Grtme <£ Strait on Inc.. 1988, incorporated herein by reference as 
background art) and 9H, Tc or ,11 ln chelated compounds as radiopharmaceuticals (e.g. ZLD. 
Burns, RJ\ Gibson, R.F. DannaJs and P.K.S- Siege! (Eds.); Nuclear imaging in Drug 
Discovery, Development and Approval, Birkhauser y 1993, and G.B. Saha, Fundamentals of 
Nuclear Pharmacy, Springer- Ver lag, 1992, incorporated herein by reference as background 
art), 

Since the approval of [Gd(DTPA)(H 2 0)] 2 ' in 1988, more than 30 metric tons of 
Gadolinium have been administered to millions of patients worldwide. Approximately 30% 
of MRJ exams include contrast agents, and this percentage is projected to increase as new- 
agents and applications appear. Gadolinium is also finding a place in medical research. 
Over 600 references to Gadolinium appear each year in the basic science literature. While 
other types of MRI contrast agents, namely an iron-particJc-based agent and a manganese (H) 

2 
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chelate have been approved, Gd(III) remains the dominant material. The reasons for this 
include the direction of MRI development and the nature of Gd chelates. The signal intensity 
in MRI stems largely from the local value of the longitudinal relaxation rate of water protons, 
l/Tj. and the transverse rate l/7>. Signal tends to increase with increasing ]/T ; and decrease 
with increasing l/T 2 . Pulse sequences that emphasize changes in 1/77 arc referred to as l/7 r 
wcighccL, and the opposite is true for T2-wdghcd scans. Contrast agents increase both 1/77 
and 1/J; to varying degrees, depending on their nature as well as the applied magnetic field. 
Agents such as Gadolinium (III) that increases 1/77 and MT 2 by roughly similar amounts are 
best visualized using Ti-weighted images, because the percentage change in 1/77 in tissue is 
much greater than that in 1/7V The longitudinal and transverse relaxivity values ri and r 2 
refer to the increase in 1 /Tj and 1 IT 2 , respectively, per milliomole of agent. 77 agents usually 
have rili\ ratios of 1-2, whereas that value for T 2 agents, such as iron o*ide particles, b as 
high as 10 or more. Advances in MRI have strongly favored 77 agents and thus Gadolinium 
(III). Faster scans with higher resolution require more rapid radio frequency pulsing and are 
thus generally 77-weighed, since the MR signal in each voxel becomes saturated. 77 agents 
relieve this saturation by restoring a good part of the longitudinal magnetization between 
pulses. At the same time a good 77 agent would not significantly affect the bulk magnetic 
susceptibility of the tissue compartment in which it is localized, thus minimizing any 
inhomogeneities which can lead to image artifacts and/or decreased signal intensity. 

The other important and interesting characteristic of Gadolinium (III) chelates is their 
stability. They remain chelated in the body and are excreted intact. For example, the ofT-the 
shelf ligands like DTP A form complexes so stable thai while the agent is in vivo, there is no 
detectable dissociation. Owing to their large size, lanthanides tend to favor high coordination 

3 
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number in aqueous media. Currently, all Gd(III)-b&5ed chelates approved for use in MR1 arc 
nine-coordinate complexes in which the ligand occupies eight binding sites at the metal 
center and the ninth coordinate site is occupies by a solvent water molecule. 

Radiopharmaceuticals are drugs containing a radionuclide and are used routinely in 
nuclear medicine department for the diagnosis or therapy. Radiopharmaceuticals can be 
divided into two primary classes; Those whose biodistribution is determined exclusively by 
tbeir chemical and physical properties (like iodinc-131) and those whose ultimate distribution 
is determined by their biological interactions (like a radiolabeled antibody). The latteT class 
includes more target-specific radiopharmaceuticals. A target-specific radiopharmaceutical 
consists of four parts: a targeting molecule, a linker, a chelating ligand and a radionuclide. 
The targeting molecule serves as the vehicle, which carries the radionucleide to the target site 
in diseased tissue. The radionuclide is the radiation source. 

Metallic radionuclides offer many opportunities for desifining new 
radiopharmaceuticals by modifying the coordination environment around the metal with a 
variety of chelators. Most of the radiopharmaceuticals used in conventional nuclear 
rnedicine are ** m Tc labeled, because of its short half-life (6 hours) and ideal gamma emission 
(140 KeV). MUlicurie quantities can be delivered without excessive radiation to the patient. 
The monoencrgetk 140-KeV photons are readily collimated, producing images of superior 
spatial resolution. Furthermore, 5S>m TC is readily available in a sterile, pyogen-rree, and 
carrieT-tjee state from 99 MO- 99,a TC generators. Its 6h half-life is sufficiently long to 
synthesize the labeled radiopharmaceuticals, assay for purity, inject the patient, and image 
yet short enough to minimize radiation dose. Another radionuclide successfully used is M 'ln. 
The success of the pharmaceutical IN-DTPA-Octrcotide (OCTREOSCAN), used fci 

4 



Copied from 10607222 on 06/22/2005 



(•21) J0 1 -335578 (T2001- 



3 3 0r,S 



diagnosis of somatostatin icceptor-positive tumors, has intensified the search for new target- 
specific radiopharmaceuticals. Compared to "^c, the half-life of ]il In is much longer (72 
hoars). 

Certain porphyrins and related tctrapyrrolic compounds tend to localize in malignant 
tumors and other hyperproliferative tissue, such as hyperproliferative blood vessels, at much 
higher concentrations thar. in normal tissues, so they arc useful as a tool for the treatment of 
various type of cancers and other hyperproliferative tissue by photodynanuc therapy (PDT) 
(T.J. Dougherty, CJ. Gomer, B.W. Headerson, G, Jori, D. Kessel, M. Kprbelik, J. Moan, Q. 
Peru?,./. Natl Cancer In$t. t 1998. 90, 889 incorporated here by reference as background art). 
However, most of the porphyrin-based photosensitizers including PHOTOFR1N® {approved 
worldwide for the treatment of tumors) clear slowly from normal tissue, so patients must 
avoid exposure to sunlight for a significant time after treatment In recent years* a number of 
chlorophyll analogs have been synthesized and evaluated for their use as photosensitizers for 
PDT (e.g. R. K. Pandey, D. Herman, CkcmisUy <& Industry, 1998, 739 incorporated herein by 
reference as background art). Among these photosensitizers, the hexyl ether derivative of 
pyropheophorbide-a 9 (HPPH) (e.g. R.K. Pandey, A.B. Sumlin, S. Constantine, M. 
Aoudia 3 W. R. Potter, D.A. Bellnier, B.W. Henderson, M.A. Rodgers, K.M. Smith and T. J. 
Dougherty, Photochem. PhotobioL, 1996, 64, 194; B.W. Henderson, D.A. BcllnicT, W.R. 
Graco, A. Sharma, R.K. Pandey, L.A. Vaughan, W.R. Weishaupt and T. J. Dougherty, 
Cancer Res., 1997, 57 3 4000; and R. K. Pandey, T.J. Dougherty, US. Patent, 1993 ? 
5,198,460; US. Patent, 1994, 5,314,905 and US, Patent, 1995, 5,459,159, incorporated 
herein by reference as background art) and the hcxyl-cther derivative of purpurin-18-A^- 
hcxylimide 10 (e.g. R.K. Pandey, W.R. Potter and T.J. Dougherty, US. Patent, 1999, 

5 
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5,952,366, (incorporated herein by reference as background art) have shown high turner 
i 

uptake and minimal skin phototoxicity compared with PHOTOFRJN®. HPPH is currently in 
phase I/II clinical trials for treatment of various types of cancer by phorodynajnie therapy at 

the RoswclJjPark Cancer Institute, Buffalo, NY and the results arc promising. 

I 

! BRIEF DESCRIPTION OF THE DRAWINGS 

Figure I shows an MR image control using a commercially available contrast agent 

vs, no use if contrast enhancement agent. The tumor area of the images shows l ittle or no 

i 

enhancement using the commercially available contrast agent, 

j 

Figure 2 shows the MR image using a Gd-HPPH contrast agent of the invention vs. no 
contrast ag^nt. The image formed using the contrast agent of the invention shows dramatic 
image enhancement of the tumor area. 

Figuje 3 is a graph of in vivo measurement of tumor vs. muscle uptake by reflection 
spectroscopy of the compound shown in Figure 3, 

Figure 4 is a schematic diagram showing chemical synthesis of 4-arnmophenyf DTPA 
pcnta-tcrt-butyl esters. 

Figure 5 is a schematic diagram showing chemical synthesis of carboxy 3- 

(hexyloxy)<khyl pyropheophorbide-a from methyjpheophorbidc-a. 

i 

Figure 6 is a schematic diagram showing chemical synthesis of HPPH-aminophcny] 
DTPA froip carboxy 3-(hexyloxy)ethyl pyropheophorbide-a and 4-ammophenyl DTPA 
penta-tert butyl ester followed by reaction with Gadolinium (HI) trichloride to form HPPH- 
anunophenvl DTPA. 

Figure 7 is a schematic diagram showing chemical synthesis of purpuriTi-18-iinide- 
Gd(III) aminophenyl DTPA (16). 

6 
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Figujc 8 is a schematic diagram showing preparation of Gd(TU) arxrinophenyl DTPA 
i 

complex fromporpurin 7. 

i 

i 

Figure 9 is schematic diagram showing preparation of bactcriochlorin based Gd(lII) 
aminophenyl DTPA. 

Figure 10 is a schematic formula for bisaminoethanethiol compound 23. 

Figure 1 1 is a schematic formula for bisarninoethanethiol compound 24. 

i 

Figuie 12 is a schematic diagram showing preparation of HPPH based 

hisaminoethanethiol conjugate 27. 

j 

Figute 13 is a schematic diagram showing preparation of HPPH based In 
Arninophenjyl DTPA conjugate 28. 

Figure 14 is a schematic diagram showing preparation of N 2 S 2 iigand 99C3n Tc complex, 
Arninophenjyl DTPA m In complex and Aminophenyl DTPA GdfLIt) complex, e.g. 3- 
devmyl-3-(l'-alkoxy ethyl)-17-[3 -(4 M -amidobenzyI gadolinium(]II)DTPA)]ethyl 
pyropheopliorbidc-a, from a DTPA or N 2 S 2 dihydro tetrapyrrole compound of the invention. 

Figure 15 is a schematic diagram showing N 2 S 2 ligand 99m Tc complex, Aminophenyl 
DTPA "In [complex, and Aminophenyl DTPA ni In Complex, and Aminophenyl DTPA 
Gd(III) cojnplcx, e.g. puipurin-18-(3{>devinyT3-(4 M -amidobenzyl gadoliniurnDTPA)]-N- 
substituted imide, from a PTPA or N 2 S 2 dihydro tetrapyrrole compound of the invention. 

Figure 16 is a schematic diagram showing N 2 S 2 Iigand <y9a *Tc complex, Aminophenyl 
DTPA "In complex, and Aminophenyl DTP A lI, In Complex, and Aminophenyl DTPA 
Gd(ITI) complex, e.g. purpurin-1 8-(3-devinyI-3-(raLk:oxy ethyl)*17.[3 , -(4 n -amidoben2yl 
gadolmium(IIiJDTPA)Jethyi pyropheophorbide-a 5 from a DTPA or N 2 S 2 dihydro tetrapyrrole 
compound of the invention. 

7 
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Figure 17 is a schematic diagram showing N 2 S 2 ligand 9!hT Tc complex, Aminophenyl 

DTPA "In icomplex : and Anunophenyl DT?A lI1 In Complex, and Aminophenyl DTPA 

j 

Gd(ITT) complex, e.g. bacteriopurpurin 18-3-(alkyI or aukoxy£lky])-7-kelu-l 7-[3-(4"- 
arnidobenzyd gadolidum(II[)DTPA)]-N-subst]tuted unide, from a DTPA or N 2 S 2 tctrahydro 
tetrapyxrolexornpound of the invention, 

BRIEF DESCRIPTION OF THE INVENTION 
The invention includes compositions that arc chemical combination of porphyrins and 
chlorins atad related tetra-pyrrolic compounds with radioactive elements such as 
Technetium^ 9 3 Gadolinium, Indium 1 1 1 and radioactive iodine. When the element can form 
cations, the [compound is usually a chelate with the porphyrin or chlorin structure. When the 
element fotfms anions, the compound Is usually a direct chemical combination of the 

radioactive plement into the porphyrin or chlorin structure, 

Exankples Of porphyrin and chlorin structures that can form compounds with 

radioactive elements, when modified in accordance with the present invention, are for 

example described in U.S. Patents 5,756,541; 5,025,621; 4,366.168; 4.649,151; 5,438,071; 

5,198,460; 5,002,962; 5,093,349, 5,171,741; 5,173,504; 4,968,715; 5,314,905; 5,459,159; 

5,770,730; 5,854,035; 5,190,966; and 5,952,366 all of which are incorporated by reference as 

background art. 

The invention further includes the method of using the compounds of the invention for 
diagnostic imaging of hyperproliferative tissue such as tumors and new blood vessel growth 
as is associated with the wet form of age related macular degeneration. 



8 
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Unexpectedly, porphyrins and chlorins, as above described, upon injection, cany the 
radioactive Element into cells of hyperproliferative tissue and dramatically enhance the signal 
produced b j tumor tissue in MR imaging. 

It is to be understood that porphyrin and chlorin compounds (including 
bacteriochlorins) may be chemically altered to other forms by substitutions and 
modifications; provided that, the base rctrapyrroKc structure that allows selccnve entry and 
retention in hyperproliferative tissue cells (e.g. rumors) is retained 



Compound^ of the invention usually have the formula 

.A- 




In the above formula, R : - 3 ^ * > (CH 2 )2CONHphenyl enc CH2DTPA, — cti 2^ sh 



o 

or -cH,cn 



SH 



0 Nt 2 5H 



where R 9 = l-ORio where Ri 0 is lower alkyi of 1 though 6 carbon atoms; R 2 is -CH3, R5 is 

-CH2CH3, and R 3 and R* together form a covalent bend or R 2 and R 3 together are = 0, R, is 

-CH2CH5 arid R$ is -CH 3 ; K 6 is -N- or a covalent bond; R 7 is = O when R* is -N- and R 7 is a 

Rji Rio 
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covalcnt bond; and R 8 is -(CH 2 )C0 1 CH 3: -{ CH 2 )2 CONHpheny leneCH^DTPA , 

c ! c 

11 — It 

-ch,cn j 5M or -cn 2 Ch ^ 

Rn is lower alkyl of] through 6 carbon atoms, -(CH 2 ) 2 CONHphenyleneCH 2 DTPA, 

u — x ; ii 

-CH a CN £ H _ CH 2 CN \ H 

; provided that only one of R,, R 8 or R n is 



-(Cli^^COrliHphenyieneCHaDTPA, -ch 2 cn 



p o 

sh or -CH 2 cm A SH 



/ J 

O *H 3i n N 



SH 



DETAILED DESCRIPTION OF THE INVENTION 
An Objective of the invention was to use these photosensitizers as a vehicle for 

delivering tiie desired conjugate (chelated with Gd or radionuclides) to tumon The chelate is 

i 

^ifucctianal" because, it binds the Gd at one end and binds the target specific vehicle at the 

t 

other. The chelate is a multidentate Hgand. which has appropriate ligatrng groups for 

i 
i 

coordination to the metal. In a preferred embodiment, our invention includes: 

i 

Development of chlorin and bactcdochlomi-bascd Gd(ni)aminophenyl DTP A 
conjugates with variable lipophilicity as tumor diagnostic agent by MRJ. 

Development of chlorin and bacteriochlonn-based ,ll In aminophenyl DTP A and 9 * n Tc 
N 2 S 2 conjugates with variable lipophilicity as tumor diagnostic radiopharmaceuticals. 



10 
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A gpal has been: (i) to successfully bind Gadolinium to a tumor-avid porphyrin, 
originally designed for photodynamic therapy (PDT), and to prove that striking tumor uptak- 
at 24 hours enhances the "signal" produced by tumor, thus dramatically increasing its 
censpicuityj on MR imaging and (ii) to prepare related or>rT Tc and ,J1 In labeled 
radiopharmaceuticals as diagnostic agents for nuclear medicine. 

This | invention includes the synthesis and application of certain chlorin and 
bacteriochlorin-based bisamrnoethanethio! (X 2 S 2 ) and modified ditetratriethylamine penta 
carboxylic acid (DTP A) conjugates as MR contrast media and radiopharmaceuticals for 
diagnosis otf primary malignancy and metastatic disease. 

! 

The following examples describe examples for synthesis and use of magnetic resonance 
imaging agents. Synthesis of HPPH-Gd(I.lI)aminophenylDTPA 14: For the preparation of 
the title coJnpound, pyropheophorbide-a 6b was obtained from methylpheophorbide-a 6a 

i 

(which in tilrn was extracted from Spirulirw Algae) by following the literature procedure. It 

was then converted into methyl 3-(hcxyloxy)ethyl analog 9a by following a methodology 

j 

developed in our laboratory. Hydrolysis of the methyl eater functionality with aqueous 

i 

LiOH/methinol/THF produced the corresponding carboxylic acid 9b in quantitative yield. 

| 

The reactic^i of 9b with 4-aniiiiophenyl DTPA penta- tert-bvty\ esters prepared by following 

the methodology in Figure 4 via the carbodtimide approach (RJC Pandey, F.-Y. Shiau, A.B. 
j 

Sumlin, Ti. Dougherty and K.M. Smith, Bioorg. Med. Chem. Lett., 1994, 4, 1263, 
incorporated! herein by reference as background art) produced the corresponding analog 12 in 
57% yield (Figures 5 and 6). The structure was confirmed by NMR and mass spectrometry 
analyses. 

II 
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Before preparing the Gdflll) complex, the tert-buiyl groups in conjugate were 
converted ifcto corresponding carboxylic acid by reacting with trifhioroacetic acid (yield 
100%). For the preparation of Gd(HI) complex 14, the conjugate was dissolved in pyridine 
and Gadolinium chloride hexahydrate dissolved in deionized water. The mixture was stirred 
at room tempcratuie for 2k After the completion of the reaction (monitored by TLC), 
pyridine wajs removed under high vacuum. The residue was washed with water to remove 
the excess of Gadolinium chloride, dried under vacuum and the title compound was isolated 
in 92% yielA. The structure of the final product was confirmed by mass spectrometry. 
Synthesis ofPurpurin-JS^mide-Cdfl^ammophenylDTFA 16: Methylpheophorbide-Q 7a was 
converted in'to the hexylether derivative of AT-hexyl purpurmimide in 70% yield. The methyl 
ester group Ws then hydTolyzed to the corresponding carboxylic acid 10 by following the 
methodolog^ as discussed for the preparation of 9b. Purpurin-imide 10 was then reacted 
with aminophenylDTPA penta ten-butyl ester 5 by following a reaction sequence depicted in 

i 

Figure 7 anjd the intermediate conjugate was isolated in 45% yield. Further reaction with 

trifluoroaceiicacid and then with GdCl 3 .6H 2 0 produced the Gd(IU) complex 16 in >90% 

i 

yield. The structures of the conjugates were confirmed by NMR and mass spectrometry. 

i 

In our attempt to investigate the effect of the position of the Gd(Iir) conjugate in the 

I 

macrocyclej pu^rin-imide 7 was converted into the related carboxylic acid analog 11 by 
conventional! procedures. Reaction of 10 with aminophenyl DTP A 5 will produce Gd(III) 
aminophenyl DTP A conjugate 15, purpurin 18-3-dcvinyN3[4 , -amidophenyl Gadolinium (IH) 
DTPA]-N-h^xylimidc. 

In this series of compounds, the overall lipophilicity of the molecule can be altered by 
varying the length of the carbon chain of either the alkyl ether subetituents and/or N- 
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substituted alkyJ chain, Thus, these compounds provide a unique opportunity to investigate 

the correlation of tumor uptake and Iipophilicity. 

Synthesis of Bacteriochlorin basedGD(III)aminophenylDTPA 22: 

Bact^riochlorins are a class of tetrapyrroles in which the two pyrrole units diagonal to 
each other ; arc reduced. Starting from A r -hexyl-purpurin irnide 7 we have prepared 
kctobacteriochlorin 20 by following a reaction sequence illustrated in figure 9. Ii our 
approach pMrpuriniinide 7 containing a vinyl group at position 3 was converted into the 3- 

i 

dcvmyi-3-eihyl analog 17 (also be named as rne50-A^-hcxyl-purpurin-18-iinide) by reacting 
with hydrjogen using Pd/C as a catalyst. It was then reacted with 
osmiumtetrixide/pyridine/HzS (A.N. Kozyrev. TJ. Dougherty and R.K. Pandey, 
Tetrahedroii Lett., 1996, 37, 3781, incorporated herein by reference as background art) and 
the corresponding vic-dihydroxybacteriochlorin 1 8 was isolated in 75% yield as a mixture of 
diasteriornests (cts-hydroxy groups up or down relative to trans -reduced ring D). The 
dihydroxy ajnalog as a diasteriomeric mixture was treated with sulfuric acid under pinacol- 
pinacolone jreaction conditions, (R.K. Pandey, T. Tsuchida, S. Constantine, G. Zheng, C 
Medforth, Kozyrev, A. Mohammad, M.A.J. Rodgers, K_Kf. Smith and TJ. Dougherty, J. 
Med. Chemi, 1997, 40, 2770, incorporated herein by reference as background art) and the 
ketobactericjchlorin, containing keto group either at 7- (compound 20) or 8-position 
(compound '19) respectively were isolated in 70% yield Among these bacteriochlorins, the 
7-kcto analog 20 showed high tumor uptake as determined by in vivo reflectance 
spectroscopy in mice model transplanted with RTF tumor (see Figure 3). The structures of 
bactcriochlorins 19 and 20 were confirmed by NMR and mass spectrometry analyses. 

)3 
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Our next step was to hydrolyze the methyl ester group in purpurinimide 20 into 
carboxylic ;acid 21 before converting it into the corresponding 4-aminophenylDTFA 
conjugate 21 by following the methodology discussed previously for the preparation of 
related HPP[H and purpurin-iixiide analogs. 

Synthesis ofHPPH-bnsed Bis aminos thanethiol conjugates 27: For preparing the Wro Tc 
labeled radiopharmaceuticals, two aminobiscthancthiols 23 and 24 were prepared by 
following tfic methodology developed in our laboratory (G. Li, Q. Ma, B. Ma, Z.D. 

i 

Grossman tfnd R.K. Pandey, Heterocyclics, 1999 ; in press; and G. Li, B. Ma, J JR. Missert, 
-Z.D. Grossipan and RJC Pandey, Heterocyclics? in press, incorporated herein by reference as 
background] art). For the synthesis of N 2 S 2 conjugate 26, HPPH was reacted with N 2 S 2 
chelate 23 and the thioprotected HPPH conjugate 25 was isolated in 40% yield. Subsequent 
deprotectioA of the thiols with triethysilane/TFA afforded the corresponding bis- 
ammoethanethiol 26 in quantitative yield. The structure of the newly synthesized compound 
was confirmed by KMR and mass spectrometry analyses. 

The !Tc-99m complex 27 was prepared by ligand- ex change reaction with "^Tc 
pertechnataie reduced by Sn(II)glucohcptonate by following the methodology of Kung and 
coworkers {SJC Mcegalla, K. Plossl, M-P. Kung, S. Churnpradit, D.A. Stevenson, S.A. 
Kushner, W.T. McElgin, P.D. Mozlcy and H.F. Kung. J. Med. Chem. y 1997, 40, 9, 
incorporated herein by reference as background art). The radiolabcling yield was >80%. 
The purity of the Tc-99m complex was >95%, by chromatography. 

Syntheses of HPPH based nl In AnunophenylDTPA conjugate 28; For the preparation of the 
title compound, the HPPH-aminophenylDTPA 13 was reacted with ul in(IIJ) chloride, 
following trie methodology reported by Low and coworkers (S. Wang J. Juo, DA Lantrip, 

14 
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D.A, Wateis s C.J. Mathias, W.A. Green, P.L. Fuchs and P.S. Lov.\ Bioconjugatc Chem^ 

i i , 

1997, 8, 67^, incorporated herein by reference as background art) for the preparation of In 
DTPA-Folajte and the 111 In labeled compound was obtained in 82% yield. 
Body Tumo\ MR Imaging: 

HPPH-Gd(iU)AminophenylDTPA conjugate 14: 

i 

Following the synthesis of GD-labelec HPPH, a series of three rate were injected 

i 

intravenously and studied immediately after injection, at 1 hour, and at 24 hours, to establish 

i 

whether thcj Gd-HPPH remained in the circulation longer than the current standard contrast 
medium (Mjagnavist or Gd-DTPA). , 

Whereas Magnavist clears rapidly from the mammalian circulation by glomerular 

i 

filtration, with a circulatory half-time of 16-20 minutes^ the newly-synthesized contrast 

I 

medium Gd-HPPH, was evident in the cerebral circulation at 1 hour. Subsequently, to 
establish whether the GD-HPPH is tumor-avid, a single rat with a subcutaneously-iraplanted 
Ward colon! carcinoma was imaged, 24 hours after intravenous GD-HPPH, A second tumor- 
bearing rat was imaged 24 hours after injection of Magnavist {See Figures 1 and 2). Clearly, 
the enhanced tumor signal after Gd-HPPH injection indicated that GD-HPPH 14 has 
potential asja contrast medium for MR. HPPH {a chlorophyll- a derivative) represents the 

i 

vehicle by which the Gd complex is carried into the rumor Addition of the Gd chelate to 

! 

HPPH doeslnot hinder its ability to form singlet oxygen producing efficacy, so this contrast 

i 

medium also has the potential for dual action: enhanced localization od MR imaging 
(diagnosis), followed by directed light exposure with tumor injury ( treatment). Also, because 
of its excellent tumor selectivity and high fluorescence, the newly synthesized conjugate can 
be used for IR imaging. Also, Indium or other radionuclides like To-99m (the latter 

15 
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conjugated !by an N 2 S 2 ligand) bound to chlonns and bacteriochlorins synthesized and 
proposed in this invention have potential as imaging agents for nuclear medicine. 
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What is claimed is: 

! 

1. A tetrapyrroie compound characterized in that it has the formula 




where » j-OR 10 where R l0 is lower alkyl of 1 though 6 carbon atoms; R 2 is -CH 3 , R 3 is 

-CH 2 CH 3 , and R 3 and R4 together form a covalent bend or R 2 and R 3 together are = 0, R» is 

-CH 2 CH 3 arid R 5 is -CH 3 ; R« is -N- or a covalent bond; R 7 is = O when R« is -N~ and R 7 is a 
i R n Rio 

covalent bojid; and R 8 is -(CH 2 )C0 2 CH 3) •(CH 2 ) 2 CONHphenyleneCH 2 DTPA i 
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R u is lowcrj alley) ofl through 6 carbon atoms, -CCH 2 ) 2 CONHphcnylencCH-DTPA ) 

R _j f .... 

/ or / ; provided that only one of R,, R$ or R M is 

-(CH 2 ) 2 COlfHplicaylcncCH 2 DTPA ( -chJn^ sh or -chJ n — v 3m . 

o 

I J — N 

2. The compound of Gum 1 characterized in that Ri, Ra or R n is -ch 3 cn sk 

o j 1 

II J-a C NH SH 

/ ! 

3. The ! compound of Claim I characterized in that R], Rg ur Rn is 
^CH 2 ) 2 CO:^phcnyleneCH 2 DTPA. 



o 

I "I s 

4. The compound of Claim 2 characterized w that R$ is -ch 3 cn sh or 

t 



C> NM! SH 



5. The ! compound of Claim 3 characterized in that R« is 
-(CH 2 )2C01VHplicnylcneCH2DTPA. 

i 

6. The compound of Claim 5 characterized in that R 2 is -CH 3 and R 5 is -CH2CH3. 

18 
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The compound of Claim i characterized in that is -N-. 

Rio 



8. The compound of Claim 7 characterised in that R 6 is -N- where R 10 is hexy). 

Rid 

9. A Technetium" 1 " complex of the compound of Claim 2. 



10. An Indium 111 complex of the compound of Claim 3. 

I 

11. A Gadoliniuni(nT) complex of the compound of Claim 3. 



12. The 



compound of Claim 9 characterized in that the compound is a Tc 



bisaminoethanethiol analog of HPPH. 



13. The Compound of Claim 10 characterized in that the compound is a 1 1 'in aminophenyl 



DTP A analog of HPPH. 



14. The ' compound of Claim 11 characterized in that the compound is HPPH- 

I 

Gd(H I)amitiophcnylDTPA 



15, The compound of Claim 11 characterized in that the compound is purpurin 18 imide- 
Gd(III)aniir|ophenylDTPA, 

16. The | compound of Claim 11 characterized in that the compound is a 
Gd(ni)armnophenylDTPA analog of bacteriochlorin. 
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17. A method for the preparation of the compound of Claim 14 characterized in that it 
i 

comprises: 

j 

hydrolizing methyl 3-(hcxyloxy)ethyl pheophorbide a with an aqueous solution of 
LiOH, methanol and tetrahydrofuran to obtain the corresponding carbcxylic acid; 

reacting the carboxylic acid with 4-aminophenyl DTPA penta-tert-butyl ester to 

produce thejtert-butyl atninophenyi DTPA analog; 

i 

reacting the DTPA analog with tnfluoroacetic acid to convert the tertiary butyl groups 

| 

to carboxylijc acid groups; 

i 

reacting with a solution of Gadolinium hexahydrate. 

1$. A method for the preparation of the compound of Claim 15 characterized in that it 

j 

comprises: ; 

! 

hydrolizing a methyl ester group of the hex yl ether derivative of N-hexyl 

puTpurinirnijde to the corresponding carboxylic acid; 

j 

reacting the resulting carboxy purpurtn imi dc with a solution of aminophenylDTFA 
penta-tert-biityl ester; 

reacting the resulting conjugate with trifluoroacetic acid to obtain a carboxylic acid; 

and 

reacting the resulting carboxylic acid with Gadolinium chloride to obtain the desired 
compound. \ 



20 
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19. A method for the preparation of the compound of Claim 16 characterized in that it 
comprises: 

hydrqgenaiing 3 vinvl puTpuriniinide 7 to obtain mcso-N-hexyl-purpurin-l S-imidc; 

I 

reacting the meso-N-hexyl-purpuriii-1 S-imide with osnuurntetroxide, pyridine and 
H 2 S to obtain vic-dihydroxybactmochlonn; 

reacting the vic-dihydroxybacteriochlorin with sulfuric acid to obtain a 7- 
ketobacterio shlorin; 

hydrcdizing a methyl ester group in the 7-ketobacten'ochlorin to a carboxy group; 
reacting the carboxy 7-ketobacteriochlorin with aminophenylDTPA penta-tertiary 
butyl ester, 

reacting the resulting product with trifluoroacctic acid to obtain the corresponding 
carboxylic i cid DTPA analog; and 

react ng the carboxy DTPA anaJog with Gadolinium chloride to obtain the desired 
compound 

20, A m^hod for the preparation of the compound of Claim 12 characterized in that it 
comprises: 

reacting HPPH with aminobiscthanethiol to obtain a thioprotectcd HPPH conjugate; 
reacting the conjugate with triethylsilanc and TFA to deprotect the thiols; and 
reacting the conjugate with deprotected thiols with 99o> Tc pertechnatate reduced by 
Sn(II) glucoheptonate to obtain the desired compound. 
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21. A method for the preparation of the compound of claim 12 characterized in that i* 
comprises: 

reacting HPPH-aminophenylDTPA with M ln(III)chloride to obtain the desired 

i 

compound. 
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Baseline (left) and 24-hour post-injection images (right) of a tumor-bearing 
medium wajs Magnavits - the standard, commercially-available agent. Tumoi s 
•T revealed no signal enhancement, visually or quantitatively. 
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Fig. 2 



Baseline (lift) and 24-hour post-injection images (right) of a tuinor^bcaring rat. C°*«st 
medium wis Gd-HPPH- Area of interest -3" increases markedly, from 62o to 881. Tne 
effect is striking both v.sually as well as quantitatively. Note that the signal ^u»onnat is 
largely restated to tumor: fat is unchanged (1998 goes to 1 939), and muscle enhancement >s 
minimal 
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0.7 - 




CO z CH 3 £ 

Fig. 3 



In vivo measurement of tunor (— ) vs muscle (— ) uptake by in vivo reflection spectroscopy 
in a mouse bearing a RIF tumor. 
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Ro a ^s: a ,E^;b.(CH 2 NH 2 ) 2 ; kJL^ N-CH ^ ^— OX 
c. BH 3 ;d. HCI;ejNaOH; y c "2-^«a»u ^^-^NK 

r. BrCHiCC^Bu 1 ;^ H 2 ,Pd/C CH2-C0 2 8u' 



5 4 R = CKjCOjBu 1 



Fig. 4 




Fig. 5 
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Fig- 6 
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Fig. 8 
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DESIRED COMPOUND 




Fig. 9 
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HN SCPh 3 



23 



Fig. 10 



n 



HN 

c 

HN 



24 




Fig. 11 
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Fig. 12 
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Fig- 13 
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H 3 C 




N 2 S 2 ligaDdfTechnetiumr^Tc) complex] 



* AminophenylDTPA lndiujn( m In) 
complex 



CONHR 3 

SERIES 1 



Aminophenyl DTP A Gadollnium[Gd<Iir)] 
complex 



Fig. 14 

R 3 - phenyl-CH^DTPA or N 2 S 2 conjugates 

R = -(CH 2 )n-DTPA or N 2 S* conjugates 

R and Ri - Substitucnts with variable liphophiiicity 



b0NHR 3 CH3 




N 2 S 2 tfgand[Technetiiim(** m Tc) complex 



C0 2 pH 3 R 

SERIES 2 




* AminophenylDTPA Indinm( ni In) 
complex 



Aminophenyl DTPA GadoIinium[Gd(m)| 
complex 



Fig. 15 

R 3 = pbenyl-CH 2 -DTFA or N 2 S 2 conjugates 

R = -<CH 2 )n-DTPA or N 2 S 2 conjugates 

R and R t - Substituents with variable liphophilicity 
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H 3 C R 




HUC 



C 2 H 5 




N Z S 2 Iigand(Technetium( 99,n Tc) complex] 



* AminophenylDTPA Indium( m In) 
complex 



Aininophenyl DTPA GadoIinium[Gd(lII)] 
complex 



Fig. 16 

R 3 ■» phenyl-CHa-DTPA or N 2 S 2 conjugates 

R = (CH^n-DTPA or N 2 S 2 conjugates 

R and Ri - Substitueuts with variable liphophilicity 




N2S2 u'gand[Technetium(* 9m Tc) complex] 



* AmiaopbenylDTPA Indium^ n In) 
complex 



Amlnophenyl DTPA Gadolinium [Gd(m)j 
complex 



Fig. 17 



R, - phenyl-CHj-DTPA or N 2 S 2 conjugates 

R = -(CH 2 )n-DTPA or N 2 S 2 conjugates 

R and Rj = Substituents with variable llphophllicity 
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ABASTRACT OF THE DISCLOSURE 
Compositions that are chemical combination of porphyrins, chlorins, bactcriochlorms, 
and related] tetra-pyrrolic compounds with radioactive elements such as Technetium , 
Gadolinium, Indium 111 and radioactive iodine. When the clement can form cations, the 
compound is usually a chelate with the porphyrin or chlonn structure. When the element 
forms anions, the compound is usually a direct chemical combination of the radioactive 
element inti the porphyrin or chlonn structure. The invention further includes the method of 
using the compounds of the invention for diagnostic imaging of hypexproliferativc tissue 
such as tumjors and new blood vessel growth as is associated with the wet form of age related 
macular degeneration and methods of making the compounds. Compounds for MRT contrast 
imaging of the invention are usually Tc", In 111 or Gd(in) complexes of compounds of the 
formula: 
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